Abstract: Targeted therapy and immunotherapy have changed the treatment modes for advanced non-small cell lung cancer (NSCLC), moving from second-line to first-line treatment and significantly extending patients' survival. Surgery and chemoradiotherapy remain the main treatment options for patients with locally advanced lung cancer, but recurrence and metastasis still occur in some patients. The survival rates of conventional perioperative chemotherapy among NSCLC patients have increased by only 5%. Therefore, more studies have begun to explore targeted and immune neoadjuvant/adjuvant therapies in early-stage and locally advanced NSCLC, and the relevant clinical research data have shown good efficacy and safety profiles. This article summarizes several clinical studies of critical importance.
Introduction
Lung cancer has the highest incidence and mortality among all cancers worldwide. According to the GLOBOCAN2018 report released in 2018, approximately 2.09 million new cases and 1.76 million deaths from lung cancer are estimated to occur globally each year, accounting for 11.6% and 18.4%, respectively.
1 Non-small cell lung cancer (NSCLC) accounts for approximately 80%-85% of lung cancer cases. NSCLC is the most common lung cancer, and approximately one third of the patients are at the local progressive stage (stage III) at the time of diagnosis.
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The 5-year survival rates for stage IA and III lung cancer patients are 80% and 20%, respectively, and most patients have postoperative recurrence. Surgical resection combined with postoperative adjuvant chemoradiotherapy remains the primary treatment mode for locally advanced NSCLC. However, a meta-analysis revealed that the 5-year survival rate of patients with perioperative platinum-based chemotherapy was only 5% higher than that of the surgery-only group, and more than 60% of patients experienced grade 3-4 toxic reactions, causing delayed treatment and drug withdrawal. [3] [4] [5] [6] Therefore, novel neoadjuvant/adjuvant therapies to improve patient prognoses are urgently needed. In recent years, the high efficacy and low toxicity of targeted therapy and immunotherapies have provided novel avenues for lung cancer treatment, especially advanced lung cancer, and have achieved continuous improvement from second-line to first-line treatment. To improve the survival rate of patients in early-stage and locally advanced NSCLC, appropriate clinical studies are being conducted. Continuous publication of research data has opened a new chapter regarding treatment modes for early-stage and locally advanced lung cancer. This article reviews clinical research on targeted therapy and immunotherapy for perioperative lung cancer.
Targeted Therapy
Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitors (TKIs) have significantly extended progressionfree survival (PFS) in advanced EGFR-positive NSCLC patients, compared with platinum-based chemotherapy. 7, 8 The EGFR mutation rate of NSCLC patients in the United States is 10%, and is as high as 35% in eastern Asian patients 9, 10 The EGFR-TKI-targeted therapy mode may clinically benefit these patients. Case reports and small-scale non-randomized clinical trials have demonstrated the potential efficacy of neoadjuvant EGFR-TKI in treating resectable NSCLC. [11] [12] [13] [14] [15] However, the efficacy and safety of EGFR-TKI in neoadjuvant/adjuvant therapy for NSCLC remain unclear. The following is a brief overview of several recent clinical studies on perioperative targeted therapy for lung cancer.
Neoadjuvant Targeted Therapy
Neoadjuvant therapy is mainly targeted at patients in the IIIA-N2 stage, but owing to the heterogeneity of IIIA-N2 NSCLC, the overall prognosis is poor, and selecting a treatment regimen is controversial in clinical practice. In one study, 50 patients with stage I/II NSCLC who received Gefitinib for 3 weeks prior to surgery were included in a clinical trial related to tumor regression after oral Gefitinib treatment. 24 (Table 1 ). This neoadjuvant treatment will last 6 weeks, and on the last day that Crizotinib is administered, participants will undergo surgical resection, followed by 5 years of follow up. Perioperative neoadjuvant-targeted therapy for NSCLC still faces many problems that require further exploration, such as the duration of treatment and length of time from drug withdrawal to surgery, how the optimum timing of surgery and mode of postoperative adjuvant therapy should be chosen, recurrence of postoperative problems and biomarker selection (NCT02804776) 25 require further study. Therefore, further clinical trials regarding neoadjuvant-targeted therapy are needed. 
Adjuvant-Targeted Therapy
The first randomized controlled study for postoperative EGFR-TKI was the BR19 study 26 launched in 2002.
However, because of the irrationality of the enrolled population, the trial was closed early, and no significant differences were found in either DFS or OS between the Gefitinib and placebo groups. The RADIANT study 27 The main reasons for the negative results in this study were similar to those of the BR19 study, which included staging of the enrolled population and failure to detect EGFR mutations by currently recommended PCR or second-generation sequencing methods. However, analysis of these two studies reveals that only when an advantageous population is selected for adjuvant-targeted therapy can the greatest clinical benefit be obtained. Subsequently, the SELECT study, 28 launched in 2008, was the first TKI-adjuvant therapy study conducted in EGFR-mutant NSCLC patients, and the 2-year DFS rate of Erlotinib treatment reached 89%, confirming the efficacy of post-operative adjuvant-targeted therapy. The median follow-up time was 3.4 years. However, this was a one-arm study and as such efficacies cannot be compared. However, the duration of drug administration remains undefined, and prolonged drug administration reduces the recurrence rate but correspondingly increases the adverse effects caused by accumulated drug toxicity. The ADAURA study (NCT02511106) 29 (Table 1) is expected to reveal the optimal EGFR-TKI duration.
In 2018, the ADJUVANT trial (CTONG 1104) ( The ADJUVANT and EVAN studies opened a new chapter for adjuvant therapy for NSCLC and confirmed that adjuvant targeted therapy can benefit patients with EGFR-mutation-positive stage IIIA N2 NSCLC and provides the highest level of evidence for targeted therapy. Based on these studies, adjuvant targeted therapy of EGFR-TKI provides IB evidence for resectable EGFR-mutationpositive stage IIIA/IIIB (T3N2M0) NSCLC patients, and these are included in the latest targeted therapy for NSCLC in the Consensus of Chinese Thoracic Surgeons. However, no clear conclusions have been reached regarding targeted-adjuvant therapy for 1) selecting the optimum beneficiaries, 2) the appropriate research endpoint (DFS or OS), 3) the patients who will receive clinical benefits from DFS, and 4) duration of the targeted therapy. These questions must be continuously addressed.
Immunotherapy
Immunotherapy has moved from second-line to first-line treatment in advanced NSCLC. The current research focus has shifted to early-stage and locally advanced resectable NSCLC, and relevant studies have shown good efficacy and safety. Here, we review the relevant clinical studies in detail.
Neoadjuvant Immunotherapy
The CheckMate-159 study (Table 2) , 32 published in the New England Journal of Medicine in 2018, first explored the efficacy and safety of neoadjuvant immunotherapy for NSCLC. Twenty-one patients with untreated and resectable stage I-IIIA were included. The primary endpoints were safety and feasibility. Two patients were in PR, and 18 had stable disease (SD). All 20 underwent surgery and R0 resection, and 9 (45%) achieved major pathological remission (MPR; residual surviving tumor cells in postoperative specimens <10%). During follow up, the 20 patients who underwent radical surgery had a recurrence rate of 73% within 18 months, and an overall survival rate of 95%. MPR was significantly correlated with tumor mutation burden (TMB) before treatment but not with PD-L1 expression. Although this study had a small sample study, it showed the safety of neoadjuvant immunotherapy for NSCLC, in which the pCR of early-stage NSCLC after neoadjuvant chemotherapy increased from 4% to 15%, and the MPR increased from 20% to 45%, setting a precedent for neoadjuvant immunotherapy for lung cancer. [32] [33] [34] The relevant data were updated again at the 2019 American Society of Clinical Oncology (ASCO) conference, with the median follow-up time standing at 34.6 months, but the Compared with the untreated population, ctDNA clearance and peripheral blood T-cell amplification may be potential predictive markers for treatment response and monitoring recurrence. 35 The long-term follow-up safety data further confirmed the feasibility and safety of Nivolumab for neoadjuvant therapy of resectable NSCLC. The LCMC3 study is evaluating the safety and efficacy of neoadjuvant therapy with Atezolizumab in resectable stage IB-IIIB NSCLC patients, with MPR as the main study endpoint. Patients with the EGFR mutation or ALK fusion were excluded. Midterm analysis results were orally reported at the 2019 ASCO meeting (Table 2) . 36 Seventy-seven patients were included in the main efficacy observation data, and 101 patients were included in the safety data analysis. The MPR was 19% (15/77, 95% CI, 11%-30%), and the pCR was 5% (4/77). RECIST criteria were used to evaluate the results: 7% of patients had PR, and 89% had SD. MPR was associated with changes in tumor volume, which were not correlated with PD-L1 expression levels or TMB. Atezolizumab as neoadjuvant therapy was safe and well-tolerated, and the incidence of immune-related adverse reactions was 6% for ≥grade 3 patients. NEOSTAR 37 ( Table 2 ) was another neoadjuvant phase II trial to compare the efficacy of Nivolumab and Nivolumab + Ipilumab in resectable NSCLC patients. Forty-four patients were enrolled (23 patients receiving Nivolumab alone and 21 receiving Nivolumab + Ipilumab). The results showed that the overall MPR rate was 24%, the overall MPR + pCR rate was 25% (monotherapy vs combination: 17% vs 33%), and 8 patients (18%) achieved pCR (monotherapy vs combination: 9% vs 29%). The overall ORR (CR+PR) of the RESICTstudy reached 20% (9/44; monotherapy vs combination: 22% vs 19%), and the ORR was positively correlated with the MPR (P<0.001). Subgroup analysis found that the PD-L1 expression level was related to ORR and MPR (P=0.024). Higher PD-L1 expression yielded greater benefits (which was inconsistent with the subgroup analysis results for Atezolizumab in the LCMC3 study). Combined immunotherapy increased the CD3 + cell frequency in tumor-infiltrating lymphocytes and enhanced intraoperative T-cell infiltration, diversity and reactivity-related functions. The study found no unacceptable toxicity or increased perioperative morbidity/mortality. Thus, Nivolumab + Ipilumab combined with immunotherapy was more effective than Nivolumab alone.
The NADIM study 38 (Table 2 ) was the first clinical study to explore the efficacy of immune-combined chemotherapy in patients with stage IIIA NSCLC by observing the efficacy and safety of Nivolumab combined with Paclitaxel + Carboplatin neoadjuvant/adjuvant therapy in patients with resectable stage IIIA NSCLC. Forty-six patients were included, and 41 underwent surgery and achieved R0 resection. The MPR reached 85.36% (95% CI, 71%-95%), and the pCR reached 71.4% (95% CI, 54%-87%). In the RECIST study, PR was 72%, and CR was 6.5%. In 93% of patients, neoadjuvant immunotherapy combined with chemotherapy was down staged. No patients withdrew from the study before surgery because of PD or safety reasons. ChiCTR-OIC-17013726 (Table 2) is an open, single-center, IB phase of the study to evaluate Sintilimab for resectable NSCLC neoadjuvant therapy. 39 Twenty-two patients with biopsy-proven stage IB-IIIA squamous NSCLC were included and received two preoperative cycles of Sintilimab and PET-CT examinations, then radical surgery.
The results of this study were published as a poster at the 2019 ASCO conference. Compared with PET-CT before and after neoadjuvant therapy, 9 patients' tumor metabolism uptake (TMU) decreased by 30%, and 8 of these achieved MPR. No MPR was found in 11 patients whose TMU dropped below 30% or whose TMU increased. Postoperative pathological results showed that 10 patients (45.5%) achieved MPR, and 4 patients (18.2%) achieved pCR. Decreases in MPR and TMU were correlated with decreases in TMU on PET-CT after neoadjuvant therapy, which may predict the postoperative MPR status. In summary, Sintilimab has shown good safety in neoadjuvant therapy for resectable NCSLC. The above data reveal good efficacy and safety profiles for immunotherapy in neoadjuvant therapy for NSCLC, but many decisions remain, such as 1) whether the immunotherapy regimen should be a single-drug or combination; 2) how the joint treatment plan should be chosen (immunotherapy combination chemotherapy, radiotherapy, anti-VEGFR or immunotherapy); 3) whether the joint timing should be synchronous or sequential; and 4) whether immunotherapy will affect the timing of the surgery. The Checkmate-159 study was 1 to 2 cycles of neoadjuvant immunotherapy before surgery. NEOSTAR was studied approximately 3 cycles before surgery. The NADIM study involved 3 cycles before surgery until 3 or 4 weeks after the last immunotherapy. The final results do not affect the timing of the surgery, but more research is needed. For example, should biomarkers such as PD-L1 or TMB be tested? Can MPR, pCR, or MPR criteria predict survival? How should the pseudo-progress of neoadjuvant immunotherapy be evaluated? Much research is still needed to determine how best to apply checkpoint inhibitors to neoadjuvant therapy for NSCLC. However, the progress made thus far represents an important step toward longer-term survivalin early treatment. Phase III studies of neoadjuvant immunotherapy are ongoing, including CheckMate-816, 40 IMpower030 41 and KEYNOTE671
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( Table 3 ). The release of these research data will help develop more beneficial treatments for NSCLC patients. and IFCT-1401, 46 are ongoing (Table 4) . Phase III studies remain in the exploration stage and are faced with many challenges, such as how to choose the beneficiaries, how to choose the immunotherapy regimen, and the timing and duration of the immunotherapy. More clinical findings will help to answer these questions.
Summary And Prospects
Advanced lung cancer treatment has entered the era of precision treatment, and treatment plans are relatively clear, but early-stage and locally advanced NSCLC perioperative treatment remain controversial. Initial studies have found targeted therapy and immunotherapy to be very effective and safe. However, several problems persist, such as identifying the patients suitable for perioperative treatment, timing and duration of perioperative treatment, choice of treatment regimens and biomarkers, prediction criteria for efficacy, and whether MPR can be used as an alternative endpoint. To achieve better clinical benefits, accurate and individualized treatment is needed, but more and larger clinical studies are needed in evidence-based medicine to formulate optimal treatment strategies.
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